Context. Symptom management is a priority area within palliative care core competencies for generalist providers. While several educational initiatives exist, a comprehensive evidence synthesis on the effectiveness of symptom management training on trainees' learning and patient-reported outcomes is lacking.
needed palliative care at the end of life (EoL) in 2011. 1 Chronic non-communicable diseases are the major causes of death and embrace heart disease, cancer, chronic respiratory disease, HIV/AIDS, diabetes as drug-resistant tuberculosis. 1 Nowadays, most end-of-life care (EoLC), defined as care for patients likely to die within the next 12 months, 2 is provided by "generalists" such as general practitioners (GPs) and specialists in clinical areas, whose working remit is not exclusively concerned with the specialist palliative care. 3 A core set of interdisciplinary competencies in palliative care has been defined and established in different countries, in which symptom management is identified as one of the critical areas. 4, 5 Basic symptom management knowledge and skills have been highlighted as areas of particular importance in the training of generalist palliative care providers, 4, 5 although the management of more complicated cases, e.g. refractory pain or existential distress, should ideally be led by a palliative specialist. 4 Several authors suggest addressing knowledge and skills with further training at the undergraduate level, and also, with a collaborative networking between GPs and specialists on palliative care for improving patient outcomes. 6, 7 Education is a potential key to achieve an integrated and collaborative model of care for EoLC. 8 Several studies have demonstrated that palliative care competencies can be adequately addressed through physician education, [9] [10] [11] yet studies over the last decade show persistent deficits on attitudes, knowledge and skills through different specialities. [12] [13] [14] [15] Further, the prevalence of uncontrolled symptoms at EoL remains high. 5, 16, 17 Teaching on patient-centred care is a priority at all levels of training. 4 Consequently, substantial efforts have been made to structure programmes of education for all physicians and health professionals from different clinical backgrounds. 18 Despite the high heterogeneity between curriculum formats, almost all the studies show this can lead to improvements in trainees' attitudes, knowledge and skills, and behaviours. 11, 19 There has been an increase in palliative medicine rotations available at postgraduate level, and trainees making use of these report better quality teaching in EoLC and more preparedness to treat patients at the EoL. 8, 15 Despite this, even after a rotation, some physicians in M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT 2 training felt uncomfortable providing palliative care independently. They perceived several barriers to maintaining adequate EoLC, 14 specifically instructional disparity and lack of expertise, leaving many physicians feeling unprepared to address dying people needs. 20 This reflects the importance of symptom management and the implementation of training for generalists providing palliative care. This comprehensive review aimed to identify and appraise the curriculum, evaluation instruments, and effectiveness of EoLC symptoms management training interventions for generalist palliative care providers.
METHODS
This systematic review was planned and conducted following the recommendations of the Best Evidence Medical Education (BEME) Collaboration, [21] [22] [23] and Structured approach to the Reporting in Healthcare Education of Evidence Synthesis (STORIES) statement. 24 
Inclusion and Exclusion Criteria
Participants. Trainee physicians at the postgraduate level, who work or would be expected to work with patients at EoL but not have and are not training for specialist palliative care qualifications, were included. These professionals are often considered as generalist Study Design. Studies were included if effectiveness of the training intervention was tested in a randomised controlled trials (RCTs) and quasi-experimental studies with pre and posttest or interrupted time series. In non-randomised trials, historical, geographical or matched control groups were required. Review articles were excluded, since mismatching interventions, outcomes and incorrect population characteristics have been reported in several systematic reviews. 25 There was no exclusion on the basis on language or year of publication.
Outcomes
This review was based on the Kirkpatrick's model for evaluating educational outcomes ( Supplementary Table S1 ). 21 Reactions, learning and behaviour as primary outcomes were chosen as the most common learning outcomes evaluated in an educational training. This model was further adapted for this review to include, at the fourth-level, patient outcomes or satisfaction with clinical practice as an indicator of care quality. 26 Eligible studies should have undertaken assessments via self-, physician, patient or family assessed instruments, multiple choice exam (MCE), Objective Structured Clinical Examination (OSCE), Standardised Patient (SP), mini-Clinical Evaluation Exercise (mini-CEX), standardised oral exam, written assessment or global rating scale. 27 Unclear or nonvalidated instruments were not excluded since few standardised outcomes measures exist for evaluating palliative care in medical trainees, and moreover, these had been adjusted according to the objectives of each study. 28 
Information Sources
The following databases were searched for all available years until 30 September 11, 19, 29, 30 as three other key publications. 4, 20, 31 Where searches found published abstracts but no subsequent full report(s), authors were contacted to obtain full text.
Search
Free text terms for searching titles, abstracts, and key words were combined with database-specific subject headings following the structure of [end of life] AND [symptoms management] AND [training] . See Supplementary Figure S1 for an example search strategy for MEDLINE.
Study Selection
After removal all duplicates, studies were evaluated in stepwise procedure for inclusion in the review. All titles identified in the search were screened for eligibility. For those titles considered potentially eligible, the abstracts were screened by the first author using the inclusion criteria specified previously. Study selection process was described in a trial flow diagram, as outlined by the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) statement ( Figure 1 ). 32 
Data extraction and management
A first data extraction was performed following Best Evidence Medical Education (BEME) Collaboration recommendations 33 using digital extraction form. Pilot assessment and data extraction was completed by the first author. Revised data sheet was assessed and agreed by a second independent author. Any divergences were resolved via discussion between whole authors until agreement until consensus has been achieved.
Quality assessment.
The quality of the studies included was assessed using the Buckley's quality indicators 34 .
This tool was chosen since it has been applicable across a wide-ranging of educational intervention studies. Furthermore, it has been previously applied in BEME systematic reviews enabling comparison with other educational reviews. 34, 35 Tool items consider the study research question, subjects, data collection methods, completeness of the data, control for non-randomised studies were used to assess the risk of bias. A global rating was determined, and higher quality studies were considered when these met ≥7 out of 11 indicators. We also added one more option to the "yes" or "no" response to make the process of judgement more explicit. This included "Unclear" when author's information was insufficient to make a judgement or when the question was addressed partially. Two authors independently graded quality and divergences were discussed until consensus was reached.
Analyses
Meta-regression analyses at study level were planned to determine which training and evaluation characteristics explained variations in effectiveness of the programs. 38, 39 However, as meta-regression was not possible because of the small number of studies.
Therefore, methodological differences were taken into consideration to inform a qualitative analysis of content. 40 Study variables were tabulated for a visual comparison, with available data on the general study (e.g. author, year of publication), study design, target-audience, content related with symptoms, evaluation methods and instruments, key findings, learning impact and authors' conclusions (See Table 1 ).
RESULTS

Study Selection and Characteristics
Our search identified 5062 references from electronic databases. 73 full-text articles were examined and 5 found eligible. One further study was added after hand searching of references lists from 4 systematic reviews 11, 19, 29, 30 related with the control group. 41, 42, 45, 46 Two studies were randomised controlled trials, including one parallel 43 and one cluster design. 44 Studies were performed within several specialities and included a total of 415 participants from Internal Medicine, 43, 45, 46 Paediatrics, 41 General Surgery, 42 Family Medicine, 44 Radiation Oncology, 44 Neurology 44 , Psychiatry 41, 44 and Pathology 44 (Table 2) .
Overall, the percentage of participants per year of training across studies was 51% postgraduate in year 1 (PGY1), [43] [44] [45] [46] 25% PGY2, 41, 42, 44-46 22% PGY3-4 [44] [45] [46] and 2% PGY5. 42 The pre-test responder rate ranged between 71-100%, and the post-test from 42- Table 1 Characteristics of included studies]
Methodological quality of included studies
Global rating following the Buckley's quality indicators ranged from 5 41, 42 to 6 [43] [44] [45] [46] out of 11 indicators. All studies had methodological weaknesses according to the criteria set out in the Cochrane Handbook for RCTs and NRSI ( Supplementary Table S2 and S3). A summary of the critique is presented in Table 2 . High risk of bias were found in all the studies included. [41] [42] [43] [44] [45] [46] Major issues related to the lack of a control group and confounding in the design and analysis, especially around co-interventions, contamination, and baseline characteristics of the study subjects, including prior palliative care experience and year of training. Characteristics between responders and non-responders to the evaluation instrument also limited our analysis. This issue was intrinsic to the voluntary and anonymous nature of assessment, which it is difficult to address. An obligatory test could have reduced participation of trainees in the studies.
[INSERT 3: Table 2 Methodological quality of included studies]
Curriculum description
Modes of delivery, duration and training content
A wide variety of interventions were used, including clinical decision support tools such as pocket cards 41, 44 and integrated pathways 45 , web-based teaching 43 , palliative care rotation 46 , and mixed educational methods 42 . Interventions duration ranged from 3 days 42 to one academic year 41 . See further details in Table 1 .
Five training interventions were palliative / EoLC courses with a symptom management component, 41-43, 45, 46 and one intervention focused only in pain and non-pain symptom management. 44 Content is summarized in Box 1. Educational interventions also covered additional domains of EoLC, including emotive and cognitive symptoms, 45 communication of bad news 41-43, 46 and prognosis, 41, 46 advance care planning, 43 autonomy, 45 dying process, 41 ethical issues, 42, 46 jeopardy (risk of harm), 42 family support, 42 spirituality, 42 professionalism 43, 46 and economic 45 (Supplementary Box S4).
[INSERT 4: Box 1 Summary of content in pain and symptom management]
Evaluation instruments
Methods of data collection included focus group, 44 and survey questionnaires. [41] [42] [43] [44] [45] [46] Surveys questionnaires were self-reported and collected anonymously, except for in two studies. 42, 46 Surveys within four studies examined trainees' reactions 41 and attitudes towards pain and symptom management. 41-45 A 'comfort' section presented in one survey had been validated in previous work. 41 Surveys of attitudes were designed for specific use in three studies, [42] [43] [44] and instruments' validity and reliability were not described.
Questionnaires were delivered to assess trainees' knowledge about pain and non-pain management. Only one of the studies used a tool identified in previous studies with explicit references without changes on the original instrument. 46 Nevertheless, amendments on original questionnaires were made in three studies and their validations were not described. 41, 42, 45 It was only possible to access one full instrument that with the original version. 45 From the questionnaires most of the multiple choice questions (MCQs) evaluated knowledge at the level of "know" rather than "know how" using "context poor" questions, 41, 44, 45 with limited transferability to complex clinical problems. 27 The period M A N U S C R I P T
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between pre-test and post-test assessment ranged from three days 42 to one academic year 41 , and no study made repeated post-intervention assessments. All except one study 42 used the same instrument in both the pre-and post-training assessments. 41, [43] [44] [45] [46] 
Effectiveness on trainees' learning outcomes
All educational outcomes evaluated in these studies were in the first 41, 44 and second levels 41-46 of the Kirkpatrick model. In two studies, outcomes were related to participants' views on the learning experience and teaching methods (first level). 41, 44 Four studies measured attitudes (second level A). [41] [42] [43] [44] Two RCTs examined change in attitudes or perceptions of trainees' comfort and preparedness before, and after the intervention, and were compared with the control group. 43, 44 Two studies evaluated changes in attitudes in the intervention group, but these results were compared only with the post-test of the control group. 41, 42 All studies aimed to improve trainees' knowledge (second level B) of concepts and principles. Evaluation of thinking and problem solving within the questionnaires was less evident than evaluation of knowledge. All the studies evaluated learning outcome before and after the intervention compared with pre and post-test in the control group in RCTs, 43, 44 and with the pre or post-test in NRSI. 41, 42, 45, 46 At the first outcome level, trainees' evaluation of the overall curriculum was consistently rated as good or excellent in the usefulness of cards around pain and symptom management. 41 In another study overall trainees' reactions were also positive around having the card at the point of care, the extensiveness of the card, dosages section, and improving confidence. 44 In this study, 90% of physicians in training used the card, the majority between 1-2 times per week, and 10% used it more than five times per week. 44 In relation to the second outcome level, educational interventions tended to improve trainees' attitudes and knowledge. Clinical decision support tools showed significant improvement in overall comfort levels. 41, 44 However, trainees' attitudes were only reported at the baseline in the use of an integrated clinical pathway, therefore is not possible evaluate trainees' comfort with the change in knowledge. 45 Web-based teaching also improved significantly some of the items evaluating the level of preparedness in the intervention group compared to the control group. 43 On the other hand, in a mixed educational intervention, junior doctors reported less or equal comfort in managing pain and non-pain
symptoms after the intervention compared to senior trainees. 42 Overall knowledge around symptom management domain improved using clinical support tools, web-based teaching and palliative care rotation. [43] [44] [45] [46] Furthermore, in the internet-based intervention a doseresponse was demonstrated with a significant increase in knowledge for those who read ten or more emails compared to those who read less than ten emails. 43 However, total knowledge scores in pain and non-pain domain were non-significant in two studies when they were compared to more senior residents 41, 42 though some items reached significance difference using a pocket card set. 41
Effectiveness on patient or family-related outcomes
None of the studies included patient or family-related outcomes in their goals. behaviour, the sustainability of learning, and patient-related outcomes were not examined at all. The shortage of controlled study designs in training programs is consistent with the findings reported by a BEME systematic review around teaching effectiveness in medical education generally. 47 In relation to the different learning strategies studied, pocket cards were a feasible and effective strategy to improve trainees' comfort and knowledge around symptom control in different specialities, including in long-term interventions one of 6-12 months. 41, 44, 48 These results are consistent with recent research that utilised a pocket reference card for improving care for children at the EoL. 48 Web-based strategies could also be effective, and M A N U S C R I P T
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10 address time restrictions that exist nowadays for trainees and faculty. 43 Our findings are supported by studies using similar resources. 49, 50 However, internet-based learning has been associated with positive changes in medical knowledge, but more controversial effects into changes in practice. 51 Order sets, also, suggested positive changes on trainees' knowledge regarding assessment and management of pain and non-pain symptoms 45 . We found that palliative care hospital wards or hospice rotations could improve trainees' knowledge on symptom management. 46 These results are supported by others studies including internal medicine, family medicine and psychiatry residencies. [52] [53] [54] [55] The ideal length of rotations to improve learning is unclear, with literature suggesting between one week 52 and six months. 55 The dedicated time in the speciality is probably of most relevance, though this strategy requires a well-coordinated schedule taking into account other parallel rotations, and sometimes, extra-hours work for trainees and faculty. 56 Despite possible benefits of simulation training 57, 58 , this strategy was not found in any studies of this review. For instance, one recent controlled study compared simulation training to didactic education on communication skills and difficult discussions, but with some contents on symptom management, in paediatric fellows. 59 This study suggested that simulation training could improve self-efficacy, but not knowledge compared with didactic education, and most frequent practice is needed to maintain positive changes over time. 59 Although we could not determine the most effective training method, our findings highlight the need to tailor methodologies on the environment, context and resources of each speciality.
A variety of symptom management evaluation tools identified in this review, both qualitative and quantitative 60 . Most survey questionnaires, which evaluated attitudes and knowledge, were modified from previously published instruments or were often created for specific use in the studies. Most of studies used the same instruments with only a short period of time between pre-test and post-test, with a high risk that observed improvements being due to recall. These findings were consistent with the analysis of three systematic reviews. 28 62 . This finding highlights the need for a more rigorous evaluation of psychometric properties and design to administer a tool that can capture a "genuine" change in the educational outcome measured. Furthermore, most instruments were self-assessed. Physician self-assessment studies have found a lack of congruence between self-assessment and external observation in clinical skills. 63 Moreover, the worst accuracy in self-assessment among physicians, who were the least skilled and those, were the most confident. This finding was independent of the level of training, speciality, or the domain of self-assessment. 64 This disparity highlighted the crucial need for more patient or family-related outcomes in medical education. 63 In addition to the instruments used in studies, trainees prior palliative care experience, and
year of training are important confounders. Firstly, prior palliative care experience has been associated with less anxiety and more EOL care knowledge. 65 It was also associated with both higher baseline scores and post-test scores, suggesting that previous training in EOL care plays a critical role in physician knowledge and attitudes. 65 Secondly, the year of training has been suggested to be a predictor of post-test knowledge scores. 65 Our systematic review showed contradictory evidence around self-reported comfort or preparedness in managing different symptoms and year of training. While most of the trainees reported an increase in preparedness after the intervention, these were not necessarily significant compared with the control group. Senior residents tend to feel more confident in their level of comfort and preparedness for managing symptoms, despite no differences in knowledge scores compared to junior doctors. 42 Same results were seen in others studies comparing training in neurology residents with faculty members. 66 Measurements of attitudes alone seem to be insufficient in evaluating the true level of the trainee competence. 30 We could not identify controlled prospective studies to examine the correlation between attitudes and knowledge and change in behaviours. From the literature, cohort studies exploring the transference of knowledge on symptom management and skills into the workplace are equivocal. 62, 67 A few studies have evaluated the sustainability of improvements in physicians' practices or patient outcomes after a pain or non-pain M A N U S C R I P T
symptom management curriculum, and evidence is doubtful. 68, 69 For instance, an observational study showed the durability of effects on attitudes and knowledge after the fourth and twelfth months of a taught cancer pain management program for physicians, nurses, and pharmacists. 68 However, another study reported that residents' ability to convert oral and intravenous formulations of opioids was not retained knowledge after six months of a protected block curriculum for emergency medicine trainees. 69 This review recognises an enormous lack of evidence for evaluating if educational interventions directly support patients and families' needs at the end of life.
Our review has strengths and limitations. BEME Collaboration guidance was followed throughout the preparation of this review to enhance the quality of medical education systematic reviews. 21 We followed an orderly process from the development of the protocol to the final review. The search was not limited by language, year of publication, or geographical location. Included studies were however all conducted in developed countries with national palliative care programs and frameworks of EOL care competencies for nonpalliative specialities. Our findings are therefore not generalizable for countries and hospitals where palliative medicine is not well-integrated in primary, secondary or tertiary levels, and few palliative care providers exist yet. Use of recommended tools such as the BEME data sheet and quality indicator tools helped to capture the major factors relevant educational research appraisal. Therefore, findings from this review will be comparable with other medical education reviews. Furthermore, risk of bias was assessed using the tools recommended by the Cochrane Collaboration, which allowed a more rigorous process in the methodological appraisal.
Our findings have implications for research. We identified different educational methods that can be implemented in settings with a well-integrated palliative care team across different specialities, and the main symptom management topics relevant to most of medical specialities. Both findings can contribute to the academy development and improve postgraduate curriculums in managing symptoms. Furthermore, we described factors that can influence the residents' educational outcomes such as previous EOL care training, which allows the identification of students might derive most benefit from training in EOL Response to each category: Yes (clearly stated), No (not stated) or Unclear (answer partially the question or not explicit). Global rating: Number of questions answered with a "Yes". High quality studies are considered those that meet a minimum of seven of the eleven indicators. * Risk of bias: "High risk of bias" will be considered as "No", and "Low or moderate risk of bias" as "Yes" using Cochrane tools for evaluating risk of bias in RCTs. Serious or critical risk of bias will be considered as "No", and "Low or moderate risk of bias" as "Yes" using ROBINS-1 for non-randomised studies of intervention. Terminal care & Hospice systems 42, 46 Psychosocial issues 41 content in pain and symptom management  Pain management 41-46  Fundamentals of pain management 41   Common paediatric pain medications 41 Opioids types and dosage 41, 43, 44 Dose conversion 41, 43, 44, 46 Choosing an opioid 41, 43 Breakthrough dosing 41, 43, 44 Patient-controlled analgesia (PCA) 41, 43 Opioids adverse effects 41, 43, 44 Opioids use in renal failure 43 Analgesics Order 43
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